The crystal structure of glauberite has been determined from precession data taken on a spherical single crystal. The mineral is monoclinic and its space group is O~h-02/G. There are four molecules per unit celL The parameters, determined by diffractometer data and refined by the least-squares method, are: a = 10.158 A, b = 8.333 A, G = 8.551 A, /3 = 112°20'. The S04--tetrahedra are "regular". Ca atoms are surrounded by eight°atoms placed at the corners of an irregular square antiprism. The Na atoms, binding seven oxygens, form very distorted octahedra with one centered face. The final discrepancy index R is 9.00f0.
Introduction
CARDOSO, GARRIDO and GARCiA DE LA CUEVA (1931)investigated glauberite essentially from an optical and morphological point of view; they also determined the lattice constants and attributed the mineral to the space group C2/m. Later PARDILLO (1935) gave new lattice constants: a = 9.98 A, b = 8.20 A, c = 8.43 A, f3 = 112°11', and the space group C2/c. This author in a later work (1935) published the crystal structure of glauberite; this trial structure is not satis-factory both on account of the low accuracy of the experimental data, and of the doubtful atomic arrangement, showing an inexplicably short distance Na-Na of 1.96 A.
In a recent paper CORAZZA and SABELLI (1965) have reported the diffractometric data and redetermined the lattice parameters, the space group and the density of glauberite, as a preliminary investigation of the crystal structure of this mineral.
Experimental
The specimen used for the present structure determination, by x-ray technique, comes from Chinchon (Madrid)*. -4\ transparent and well-formed crystal was ground into a nearly-perfect sphere of 1.03 mm in diameter, by a device similar to the one described by BUERGER (1960) . The sphere obtained was mounted on an integrating precession apparatus, with the two-fold axis (b) as rotation axis.
Intensity data were collected, with filtered MoKiX radiation, for two sets of layers, taken within the mechanical limits of the apparatus:
hkn (n = 0 to 4) and nkl (n = 0 to 5). The lattice constants determined both from precession photographs and from diffractometer data, and refined by the least-squares method, are: The observed systematic absences suggest the space groups 02/e and Oe. No evidence of a piezoelectric effect was observed. The application of the statistical method of HOWELLS, PHILLIPS and ROGERS (1950) yields a curve which fits the theoretical one for centrosymmetrical crystals perfectly, and the subsequent structure analysis gave no contradictory element; the mineral was therefore assigned to the space group 02/e.
Since many and different density values are given in the literature (2.73 to 2.85 g . cm-3 ), it was thought necessary to repeat this determination. The value measured by the floatation method is 2.77 g . cm-3; it agrees with the calculated density, 2.743 g : cm-3, assuming four molecules of CaNa 2 (S04)2per cell.
Integrated intensities were measured by a Nonius microdensitometer on the complete set of precession photographs at the abovementioned eleven levels with differently exposed films (four for each i77 level). Lorentz-polarization and absorbtion corrections, though the latter was somewhat low (flR = 0.86), were made using a program written by CATANI and ZANAZZI (1965) for the IBM 1620 computer. No attempt was made to correct the extinction errors.
The intensity data were placed on a single scale by correlating the common reflections occurring on the films. 957 non-equivalent reflections were recorded; 360 of which are below the observational limit.
Structure determination
Experimental data were elaborated with a set of programs for the IBM 1620 computer, written by , ALBANO,BELLON,POMPAand SCATTURIN (1963) and by POMPA, ALBANO, BELLONand SCATTURIN (1963) , to whom we are indebted.
A three-dimensional Patterson was computed with the actually observed reflections. Since the multiplicity of atoms in general positions in the C2/c space group is eight, and four Ca atoms are contained in the unit cell, Ca atoms must lie in special positions, namely symmetry centers or two fold axes. As in the Patterson synthesis peaks in positions! 0 ! and! ! ! are lacking, Ca atoms cannot occupy sites on symmetry centers. Therefore the Ca atoms were located on twofold axes and their y coordinate was determined from the Patterson synthesis, on which vectors from Ca to the S04---tetrahedron atoms were also found.
A three-dimensional Fourier synthesis was calculated assigning to the Fo's the signs of the Fe's as obtained from the contribution of Ca and 804--coordinates only. The Na sites, hardly detectable from the Patterson vectors, were thus recognized. A further Fourier synthesis gave the coordinates used for the refinement. At this stage the reliability index R was 0.16 for the non-zero reflections.
The atomic scattering factors used in computing the structure factors are those given by HANSON, HERMAN, LEAand SKILLMAN (1964) The refinement was carried out by the least-squares method, assigning a general isotropic temperature parameter B of 1 A2. The computer program applies the following weighting scheme to the observed reflections:
where a is twice the minimum observed F o and c is twice the reciprocal of the maximum observed F o ' After some refinement cycles, coupled 
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-J ')6.6 with proper rescalings, the R index reached a final value of 9.0% for all the observed reflections and 14.8% including the non-observed reflections, which were given an intensity one half the minimum observable in each level. Table 1 lists the observed and calculated structure factors for glauberite after the last cycle of refinement. The final coordinates of the asymmetric unit and the isotropic thermal parameters for each atom, together with their standard deviations, are listed in Table 2 . 
Discussion
Distances and bond angles with their standard> deviations were calculated using a program written by the authors for the IBM 1620 computer; the results are listed in Tables 3 and 4. The projection along the b axis is shown in Fig. 1 . The sulphur of the S04--group shows the usual tetrahedral coordination; distances and bond angles fall within the limits reported in the literature. The four S-O distances do not differ significantly from the average value, according to the Cruickshank test.
Calcium atoms bind eight oxygens lying at the corners of a distorted square antiprism, its bases being nearly parallel to (100). The Fig. 1 . Projection along the b axis of the structure of glauberite distances are within the limits given in the literature for the eightfold coordination, but two of them (2.737A) are rather greater than the 2.50 A average value. Sodium atoms bind seven oxygens arranged at the corners of a polyhedron similar to an octahedron having one face centered. The average distance is~.54 A; the highest value (2.797A) is close to the maximum one reported in the literature.
Three oxygen atoms have four neighbours in a nearly tetrahedral arrangement respectively with the following atoms:
O2 has S + Ca + 2Na 03 has S + 3Na°4 has S + 2Ca + Na.
The remaining oxygen atom 0 1 has only three linkages, namely with S, Ca, Na. The structure of glauberite, as could be foreseen from its high density, is very compact. The almost homogeneous distribution of the oxygens on layers nearly parallel to (100) makes the two major axes of the optical indicatrix almost equal in magnitude (nf3 = 1.535; ny = 1.536)and lying nearly parallel to this plane: ny = band ¥= 120.
As n a = 1.515, the negative optical character of the mineral is explained.
The layers formed by oxygens have a high cohesion since they are bound in turn by sulphur and calcium atoms; on account of being divalent and linked to eight oxygens, calcium exerts on each oxygen a bond strength equal to t of its valency. Structurally weak points are localized on layers formed by Na atoms, each Na being surrounded by seven oxygen atoms with a bond strength of only -} of the valency: these layers are parallel to (001) and along them the mineral shows the main cleavage {001}.
It may be concluded that the crystal structure of glauberite shows the following general configuration: each Na polyhedron shares three edges with the surrounding Na polyhedra, forming three types of zig-zag chains, one along the e-axial direction, another along the a,b-diagonal direction, the third along the a.c diagonal. The straight Ca polyhedra, connected to each other by one edge, are placed along the voids of the sodium-oxygen framework, parallel to the c axis.
